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Abstract: We present a low-threshold polymer-based nanofluidic dye laser. By employing a third 
order DFB laser resonator, we demonstrate a threshold fluence of ~7 µJ/mm2 and a tunability of 
45 nm using a single laser dye. 
©2007 Optical Society of America 
OCIS codes: (140.2050) Dye Lasers; (140.3490) Lasers, distributed-feedback; (140.3600) Lasers, tunable 
 
1. Introduction 
The advancement of microfabrication techniques for lab-on-a-chip systems has enabled integration of optical and 
fluidic functionalities, forming the field of ‘optofluidics’ [1]. One subject of particular interest is to integrate tunable 
light sources to lab-on-a-chip microsystems [2, 3]. One approach for compact integrable light sources is microfluidic 
dye lasers in which a liquid laser dye is pumped through a microfluidic channel with an embedded optical resonator. 
Distributed feedback (DFB) laser resonators have proven particularly suitable for obtaining single mode and low 
threshold laser light emitted in the chip plane [4, 5, 6]. 
 Here, we present the design and operation of a low-threshold widely tunable polymer-based nanofluidic DFB 
dye laser. The device relies on light-confinement in a nanostructured polymer film where an array of nanofluidic 
channels constitutes a third order Bragg grating DFB laser resonator with a central π/2 phase shift. The low 
reflection order of the Bragg grating yields low out-of-plane scattering loses and the sub-wavelength dimensions of 
the resonator segments yield a low coupling loss for the light when traversing the dye-filled nanofluidic channels, 
enabling a low threshold for lasing. The large free spectral range (FSR) of the third order Bragg reflection of the 
grating facilitates wavelength tuning over the full gain spectrum of the chosen laser dye. We demonstrate laser 
threshold fluences down to ~7 µJ/mm2 and a wavelength tunability of 45 nm using a single laser dye.  
 
2. Third order optofluidic DFB dye laser 
The laser resonator structure, see Fig. 1, is based on a planar polymer waveguide structure supporting a single 
propagating TE-TM mode. The basic waveguide structure consists of a SiO2 buffer substrate (n=1.46), a 300 nm 
thick core of the negative-tone resist SU-8 (n=1.59), and a top cladding of poly-methylmethacrylate (PMMA) 
(n=1.49). An array of nanofluidic channels, defined lithographically in the SU-8 film [7], constitutes the third order 
Bragg grating DFB laser resonator. The resonator has a phase shift of π/2 in the middle, see Fig. 1(d), to obtain a 
single resonance for each Bragg reflection. The laser resonator is embedded in a 300 nm high 500 μm wide fluidic 
channel and emits light laterally in the chip plane. The laser structure provides tuning of the wavelength by changing 
the grating period and through optofluidic functionality by changing the refractive index of the dye solution.  
 
Fig. 1. Overview and close-up of the optofluidic third order DFB dye laser. (a) Image of the chip showing the fluidic network.  
(b) Optical micrograph of the resonator structure embedded in a microfluidic channel. (c) Scanning electron micrograph of the third order 
DFB laser resonator (prior to bonding). (d) Atomic force micrograph of the central region of the third order DFB laser resonator. In the 
middle an extra channel width is included to yield the π/2 phase shift. The width of the white scale bar is 600 nm.  
(a)          (b)               (c)                   (d) 
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Fig. 2. (i) Laser spectra from different laser devices showing a tunability of the lasers of 45 nm by changing the grating period and the 
refractive index of the R6G solution. (ii) Typical pump pulse fluence/output laser power graph for the laser device with spectrum shown in 
Fig. 2(i)(e). The graph follows the standard pump/output relation of two linear segments around a laser threshold of ~7 μJ/mm2 
 
 To operate the devices, a droplet of liquid dye solution is applied to the fluid inlet hole and the fluidic network 
is filled by capillary action. Here, the laser dye rhodamine 6G (R6G) dissolved in (i) ethylene glycol (n=1.43), (ii) a 
2:1 mixture of ethylene glycol and benzyl alcohol (n=1.467), and (iii) a 1:1 mixture of ethylene glycol and benzyl 
alcohol (n=1.485), all with a concentration of 2×10−2 mol/L is used. The laser is optically pumped at 532 nm 
perpendicularly to the chip plane by a frequency doubled Nd:YAG laser (5 ns pulse duration) and the output dye 
laser light is collected by an optical fiber at the edge of the chip and analyzed using a fixed grating spectrometer 
(resolution 0.15 nm).  
 Lasers with three different grating periods Λ = 579, 599, 620 nm were fabricated by varying the width of the 
nanochannels and keeping the width of the SU-8 walls fixed. The periods were derived from atomic force 
micrographs of the SU-8 structures prior to bonding, see Fig. 1(d). The resonances of the grating satisfy the Bragg 
condition m λm = 2 Λop where m = 1,2,3,… is the reflection order, λm is the free space wavelength of the m’th 
reflection order, and Λop is the optical path length of one grating period [8]. The spatial dimensions of the resonator 
segments are carefully chosen so that the DFB laser oscillates at the third order Bragg reflection wavelength [6]. The 
low Bragg reflection order yields: (i) low out-of-plane scattering losses, (ii) low coupling losses for the light when 
traversing the nanofluidic channels due to the sub-wavelength dimensions of the resonator segments, and (iii) a large 
free spectral range (FSR). Points (i)+(ii) enables a low threshold for lasing, point (iii) facilitates a wide tuning range.  
 Fig. 2(i) shows laser spectra for devices with different grating periods. The laser wavelength λ is tuned by 
changing the grating period Λ and the refractive index of the R6G solution. The lasers are polarized perpendicular to 
the chip plane (TM). From the experimental data Λop can be estimated. Given Λop, the FSR is calculated as  
FSR = λm/(m−1). As an example, we obtain Λop = 871 nm and correspondingly FSR = 290 nm for the laser with 
spectrum shown in Fig. 2(i)(c) (ethylene glycol solution). This very large FSR ensures that, only the third order 
resonance lies within the gain spectrum of the chosen dye (for visible wavelengths), thus enabling a wide tuning 
range. The data demonstrate a wavelength tunability of 45 nm by changing the grating period (coarse-tuning) and 
dye solution refractive index (fine-tuning).  
 Fig. 2(ii) shows the output laser power as a function of the average pump pulse fluence for the laser of Fig. 
2(i)(e). The graph follows the standard pump/output relation of two linear segments around a threshold fluence of 
approximately 7 μJ/mm2 and is typical for the lasers. The error bars of the output laser power reflect the pump pulse 
energy fluctuations from our Nd:YAG system.  
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